A multiple computer data acquisition system is described. The use of multiple central processors, distributed intelligence in a CAMAC system, and large external memories is illustrated.
In the past 10 years, the on-line data acquisition system at the Niels Bohr Institute has evolved from a multi-dimensional hardwired pulse height analyzer into a system of computers with both high speed and low speed links. At the present time it consists of two computers and a CAMAC branch containing local intelligence. Since one of the two computers is in the process of being fully integrated into the system, what is described here is a combination of old well established mechanisms and new barely implemented ideas. In particular, the CAMAC system and Regnecentralen RC4000 computer are old components, while the Norsk Data ND-10 has been used extensively for off line tape sorting, but just now is being brought into on-line use.
A basic idea in the design of the system has been to separate the essentially simple, repetitive task of handling individual events from the complex activity of user interaction and data display. This is a useful division since the characteristics of these tasks are very different and different approaches are best used to effectively implement them. The event handling task performs a single repetitive function, but speed and response time are of the essence. This is best achieved by dedicating a processor to this function alone. On the other hand, user interaction and data display are best done on a machine with well developed software tools. The main computer, the RC4000, has supervisory responsibility for the *Temporary address:
Lawrence Berkeley Laboratory Berkeley, CA 94720 entire system, but very limited real time duties. The real time flow of events is controlled by programmable command generators in the CAMAC system which eventually write the data into one of several specialized modules. These modules are front ends for either another computer, the ND-10, or a large external memory. A schematic diagram of the main components in the system is shown in Fig. 1 The ND-10 has the unusual property of being able to respond to an interrupt with only 900 nsec. overhead. As a result of this, the interface can be a simple interrupt driven device producing one interrupt per event. The standard multiple user operating system has been discarded, and a simple, but very efficient, single user system written.
The ND-10 contains a user specified algorithm describing the treatment of each event. This algorithm is written in a dedicated language, EVAL.3 If the event falls into one or more spectra, they are incremented. If desired, the event is placed in a tape buffer for storage on the local tape drive.
All spectra are stored in an external memory of 192K 20 bit words. This has several advantages. The 16 bit address space of many computers is a common limitation. Since the external memory is merely another I/O device, its address space is unlimited. One can also configure the memory so that the word size is appropriate, making for efficient memory usage. In addition, bulk memory is substantially cheaper than buying additional internal memory.
The RC4000 serves as both a supervisor and a user interface for this system. At the start of an experiment it compiles and downloads the command generator programs, reserves CAMAC modules, and compiles the users' EVAL program and downloads it into the ND-10. During the course of an experiment it starts and stops the data taking, displays the accumulated spectra, and writes them on tape. The display data is retrieved by taking snapshots of sections of the external memory through the CAMAC system. In addition the RC4000, being a multiprocessing computer, can simultaneously be available for general data analysis.
This system separates the real time, event by event handling of data from the more general supervisory and analysis functions. This separation makes expansion straightforward. An additional real time user can be included in the system by adding another ND-10 and external memory. For analysis, of course, multiple users are supported by the RC4000 multiprocessing operating system. In addition the ND-10 can be used for off line tape sorting, by simply downloading a slightly different program from the RC4000.
